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(54) SEMICONDUCTOR ELEMENT FOR POWER 

(57) Abstract 

PURPOSE: To provide a semiconcluctor element tor 
power having an em bedde d insulation gate construction 
by obtaining a targe current breaking capacity and by 
realizing a low OKI-resistance similar to that of 
thyrtetDf while preventing latch-up of a parasitic thyristor. 

CONSTITUTION: A plurality of stripe-shaped grooves 5 
are formed In a p-type base layer 4 having a p-type 
emitter layer 3. a n-type base layer 1 and a p-type base 
layer 4, and insulation gate electrodes 7 are embe dd ed 
and formed In Die grooves 5. Within the p-type base 
layer 4, an n-type turn-off chann e l layer 8 is formed in 
contact with the side of the groove 5. and a p-type 
drain layer 9 is formed on the surface of the channel 
layer 8. In the p-type base layer 4. a thinly scattered 
and formed n-type source layer 10 is provided so as to 
prevent latch-up of the thyrtstor, and a cathode 
electrode 11 comes into c onUit with the p-type drain 
layer 9 and the n-type source layer 10 simultaneously 
and is formed. 
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(54) [^HJiO^I^] 



(57) [HR>] (telEW) 
[iff)] ^*ft«MWK)t»*'i««: t U 

8t5JW&0S3*i. C©j»5«C|ft|»^ h«S7#«B&*' 
fiEStifcnfflV-^»l-0*SRW6n, *V-KM1 




c<om i rn^M*- s v zm&t»t><Dm 1 mmm* + vr 

[«*3«2 ] Sft 1 £ v *««4. 

«»a*«is-^-x««*o*2 * y r^gftti-r 
ii^x$ ^ *««»c*iM4fc*»»*«T*c 

[If|3feg3 ] ?Mflaa*<-*JB4. 

wiawa!S^<-^JBK:»2»*a** ';r*aEA-rs» 

.fflK-<-xjB3^6»[2*«sa* + yr*»ia-rs»2 w 
' watFu-f >»4**«u 
ftjiBsr 2 $n f u -f >@^cD^Bt^ 2 c . mzmmy 

$8$ -COffiK^ D 4 U/c 4 # , 
X= { (C-W) + D} /W 

H-*-*»4, 

tOKSSl *«ffl^-^JH«:«brJBJs6Stifc*2i(l«ai 
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"<-XJi4, 

mriB^2 2g^^-^^p l 9CCBtriBm i ii^-xiw: 

mr e* 2 ss^s^-;* @f*j ccure WDflODccs u t»jss 
rafftDMHceig u the* - > * ? ib * + * jujmb 
iu mm 2 *«h-c- x hoscd stems * - > * ? « * 

itcs* 2 2gm§* k u ^ >m fccfc c^sr i ««a v - «: 
mmm2m j mmx-5. v zmtcmf&2titcm2<D^m& 

4, 

^i/«4*2»«asFu^>»*s«fiSsti. m^<om^c 

[nt#Ji6 ] mtzmzmmm* b ^k*<cu-c»jss 
sti, «na*i*«*->*7^**^ji4)iii** 

C > S C 4 *#« 4 r S 4 G*to«ft AMI**** 

30 ->^r'5 : -^^>rVJli5J:^2^^FU^>4. II 
»«SSV-^J14^^CCKKSnri»SC4*»«4 

Cl»*3«8.] Bulfim 2 xH^buIB^ J: 9 s?K 
»ffi3nTC>SC4*««4-rSill3R3B4IBtt<D«*lffl 

m%zm2mmm*$ v zmttcmoxm&ztxtcm imn 

mriBl 1 «^-^-xjl^®gptct?fiB«cDWJ®ccgU"C 
JBa3tifcj|ll«Mao*->4-7ffl^-r*^»4\ 

{CJBfflS 2 »«S K U >■ 4 , 

-*J14, 

mriBI 2 SIM F U -f >J1*j J: tm 1 v - x»«c 

^B5«:rj>^^ boxm^txtcmi<o^mmt. 
so «ne«2«n^£ 7»iicc«fi!t3tiAJV2<D£m 



C3) 
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W3B» 2 *«sav 1 F >cc«l-c 
jgjas*ift:» 1 ^©ffii . 

[0001] 
[0 0 0 2] 

c*i<fcawc i gbt*». y***fi*rt 

[0 00 3] 

y***^**-T v7£l£2>±mi&%:m#iUt f C< < 40 
[0 00 4] 9^r?^5Cttt< + 

[0 00 5] 

{WW*, m i awffli s * zw&t . c i isna 
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4 

T^ffiK^-^MiSt, COlB«ta^<-^«««:»2a» 
*2»*fflFU--f ^>t^-C^MfE^ 

[0 006] *^»MCC«S«*ffl**i*3IW-»* ' K 
S* + *JV««£. WraM^^-*WC»2i**lS*' 

^6^2«^t yr*#ttrr*W2awtsiFW > 

■ «33W2*«HFU'^>»iai<3DE«l«:2 
C . fulB*fef£^- F r #5$ tiytM^cr>*s^r 2 W. m&B 
2 W83S F W >iKS!S^--^»OWM* i 6l&*fc^- 

X = { (C-W) +D) /W 
[0 00 7 ] 

*&tt^- H8»oaio«s&«&iiiiHi«diBiimr&c <t 
^>^ + *^©j»i*^*+ yrccst-r^asBtRn © 

JtRp /Rn *4JELhiTSC t«Cir?"C». +^tC^:^ 

[0008] ^n*^^-^x«. sii^xs zmm 
<om 2 «^a=^ ^yro^-f^xS£ytttFu-f> mifiw. 

*y-FW*W<-«I«2P+2 (C-W) CCtt«L, x 

^ 0 ccD^--7^-^xti. /hs^n«/hsc»e. mi* 
s ^ drnnioff 2««si^ y r<DSPtasta^/jN 



(4) 
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[0 009] *SW<D*?--C<DS&*y- b 

ch[A] £*ftJ^©«*«ffiJ-T [A/cm 1 ] 6C»W* 

T= ( I ch+TT'x JT xwx l ) / ( I ch+ JT xwx 1 ) 

C • J = J T xwx 1 + I ch 
Ich=A0/Rch 

OS^*'*^©W«©#^>V + JU* (^£ DCDffiSgcD^lO 
J p = (1 -rT ) JT 

= -kTMP (dn/dx) -qmp -n (di/>/dx) 
J n = rT JT 

= kT/in (dn/dx) -q/xn -n (d0/dx) 

A0= (kT/q ) x 
(/in (l-rD+/iprT}/{Mn (1-tT)-mptt} 
x [log (n) -log {n- (dn/dx) D) ] 



laifC**.*. »ffi"fe^(CiJtn^Wl8K»J [A/cm 
2 ] "C£>9, »Hn2W [an] . Mt;l/t^X2C 

[cm] ±u »rt©<ra«9ttffi7JW*TT t*r-5»<b. 

• (1) 



- (3) 



00 



d n/d x = - ( J'T/2 kT) 

itts. ctih c2)—(7) a) aoaAsa** 

^St>£3fc2£>£C -eit, W. D. C«fcB 

<t#-c£, y^^tcJt^r ^ v r 

[0010] 
SMUTS. 

[OOlDHUt *#£<E<DJ& 1 O^feWOc^^aiA 

A' . B-B' . C-C te^tfD-D' t^Mia'C*) 

[0012] COftS^- Ffi*«(*ftt, «BSO 

n H*<— * @ 1 O— ^<D®CC n vVrM^ 
p§Li5 v £ja3#^li££*VT:i>£o nl<- *JB1<D 

[0013] p ffl*<— 1 Ktt, *b^4 
JBfiSSti, ccD^-^^-^^i-^^SO^laCc^pgi 



{ ( 1 -tT)/mp 

20 



7T//in} 



(5) 



(6) 
C7) 



^jb i 0 3&sst»jBJ5Ss'nrt»s. cct, nsav— *jb 

10, n^-XilteJ;c;pix5 
[0 0 14] fi£o-C*7V- FMU-fT^ Sfc^ 

30 ^^tl^. 

[ooi 5 ] » i ©ittirft 4* v - F»B i it*. 

"nav-^110, pSFM >M9tc[^I^tC3>^^ 
h U-CKRS4vCl>-£. plx5 7^13fCttS2C[)i 
^-c*^7-/-h*msi 2#3fgj&;**VCt>£ 0 
[0016 ] . JMtt9tt3RT--stffili, «iWWccWlD"C* 

450/imil, Cti«CpHB*a6nS^9 7 tJS2£: 1 
5izm 4 p§y-c-XJ14^:2 Mm OS?r^T4 0 p 

40 aeS5/i-m it^o y-HMUl6B0. 1 Mm JMTO 

n»fw*fei*oNo« (mtm/mitm/mtm) t 

S e nStV-XJBl Otil Mm «T\ pH$^13 
tt, #J4 Mm ©*3«C«WR«T-a. 

[0017] c cod: ^ tcmf&z txtcmmy- bm¥m& 

50 ^ni<-^I 1 CC&A<*n, I GBTSM^tcJ:^) 



(5) 



&m^fx^vx x p *;i,mos Yv^^xzmt 

So 

[0 0 1 8] C<DmMM<D&r£. *?W>ttB"Ct», 
nlV-^il 0 - p^-*JS4 - nM-^-^Jll - 

y*T ? :7^ttt>J:5tcKtt3*i"C:fc9, ^V?-**^ 10 
S* 

[0 0 19] C<DnmWiC£til*. ffi^JHf^X4 m 
Mm hgUl /zm -n^V— XJS 1 Mm ) £ 

tt3ns/t#>, — ^^T9^3H±ft:aec^->*7 
-§r SGTOtf ^ u Wetter, S;*cm«£^»rEfc*ni 

[0020] @6» t *3£9§(DJ& 2 <DHJfe^<7^i^*& 

7. 08*5ctra9«tl^i60A-A' . B- 

[0 02 1 ] C©5B*«-Cii. ^R9^JCC^J^fS$n^ 

fci^H p^<— X1*13 Mm £ L>"C, 815 
«6 Mm WBtt-r*. »5«cy- h»UB6%^Ur^ 

[0 02 2] £/cC<3DHj£e(-Ct*. »5©|fflM#Ste<p*- 

;l>J18£pMKU^>J19#«5tc3gUT^J&3n, St 

S. CC"C, nMV-XJg 1 0#, £*l£ pM^-XJl 
4. nffl^-^Wlte^tfpfiiS 9 arjl3iOIB"C« 

ti>s 0 

[0023 ] C<DmMW~C\Z* n^->4-7ft*^ 
^8<DTCC$>-£p^-^^4<D»5CDffliJMa5*5^-> 50 
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t>ft^^^ot^ s ^ttfc%#t5CCi£&^/£ 

St/BLTfcO. ^->t7fflp5 : t^Jl/MOSFETi 
$->t>ffinft^MOSFET3!liKa^nfctt 

[0 02 4] c-osaswio*-?-!*; y — h*«7 tCiE^ 

JE^EfWni/r, p^-XJ14(Z)»5<MMK:nS^** 
SV-^I 1 0^6nS^->^-7^ + ^;bjl8 

[oo2 5] tosewwcioTfc, faomifamtmm 
[oo26]sio^ <om 3 <DmMm<Dm&& 

1. HI 2*5<fcOnai 3tt**i-etiBH0©A-A' . 
B-B' *s«fctfC-C' KHHT?*S. COjatflKi. 
^2<DHJ£WI^«^ ; &S*:iU"C, JBji*.y-f«SW 

[0027] *{Wtt*^-sH£tt* nM^-*Jl 1 <b tt 
S(i5^fcJ:n§2^^0/t^£4 5 0 Mm iU tfttt 
H«*6na^7 7.7*2*l 5 Mm , p§3^->U14 
^2 Mm CD^^-C^^-T^. pM^-;*J14K:?fcj£TS 
»5tt* *I5 Mm . IBffil: Mm , 313 5 Mm £"TSo ^ 
- h Kf bM6 » 0 . 1 M m VJTF<D<D®m fcBUW* O N O 
KiT*.- nfi»->*7ftWI8tt, ^IffiCtpSL 
FU^>JB9 3WBJ5SSftTjlKO. 5 Mm O^ + juldK- 
ittSo nfiV-^H 1 Ottl Mm feTF. pSSiS** 
V3ti. #J4 Mm OSSKMflfcJ&jaS-r*. 

[0 02 8] COSHft«©*^fc»2<Mafc«iH«© 

■Witts. ccDSSifeWrfct. **rt-"cai&*y- tw> 
flHScoiab^ffia*. tftCcM£ftSMi£<E>TOS<fcD + 

o-co*.- c©*s*. aa*y- 

ttO, '*OlS»i 0tC©DaiOi5 7 i««©S*?t 

«c<t^X*fflWtc**tt* J FttA«W3&s»e>fi. ec^ 
G B TSfe^CCigl CO £ tt So 

[0 02 9] HI 4tt, ^3<DSUfeW«r^bfcgSSSF« 
oou^r^ F"C^>D, HI 5. HI 6*jJ:tfHl 7ti* 
ti-^n, H14CDA-:A' . B-B' *5j:afC-C' W 
HH"C*S.. CCOSB»ffi|-CW. 5t©lliS^<tSttO. 
5*5p^-<— X®4F fc 3tC±^^ , CCiSo 

[0 03 0] CCDHSSW-C^; «a5©**lftt*«BBt9: 



10 



20 



[ 0 0 3 1 ] H 1 8 »2 ©jlflsW©*-?-***^ L 

7»4 tcK^nT pSS^— X©, nfiv- ^JB^JBSSS 
fflFu-f>JB*«*fiSStirt»*. c©#v- F«l<fc*MB 
*S2 l#s8i&2ri&J£3ft. *2 O'OflOKitt* *7V-F. 

[0 032)018 JMfcttMR^Tj-ffiafcnStlT 

»o^f««j«is«w*^t&. **vewBi 9(a) go 

[0 03 3] C<DJIM^©*HF--Ctt* *->*>B#. T 
Ffflcoa^^^- hm©2 1 CCfcT^- F«SCC*t 

OSi2^y- h®E2 ltC«T^-Fm@tC*tl/-C^$ 

[0 03 4] C<2ll^OIR^K:J;o-C&, 5fc<D^&feW 

[0035] cct ^xwoaa^iftit^-Fsa*^ 

»JX*i&ffOttl»P n p n«*i££* 
T=Jn/(Jn+Jp) 

■ = (Rp /Rn ) / { 1 + (Rp /Rn ) } 
ffll, K«Oi s ? if «WBt©iSifiI©*tt»«tttt 30 «d>«B*. 
l,>4>cD<tffiSl/Tl>*. 

[003 9] CCT, Rp/Rn = 3<b-r£><t, r = 
0. 75t$>»3 t Rp/Rn = 4it^i, r=0. 8 

[004 o ] mftWJ vxz&tctetm-- f<dx- s 

o<Dm&&m&y- faks© i gbt-c*>, e^cd^s 
■ -**cdi£a»p**o, set-Bern**. -rttt>%Rp / 

*ci*S«iri^. 40 
[o 04 i ] aaao^ffly-Fwaoi GBTT», R 

p/Rn *s««3att-C*9, Rp/Rn >4*C-r*<b 

I GBT-Ctt^O«g 

■<oci3&«**. *^w&-c<DmttmK*m < (io 

OA/cm 1 ©*»«ttaS^'r, #J3 x 1 O^/on 5 CD 
C^<bb"Cfc, »{ffl«S 0 ©MO S *>f t 50 
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[0 0 3 6] IS 2 0 \t % tt»CCfl6ffl_L/ft:*f s ^©l/2 

H2ii/©KffiH"c*o. ^2 i tt-edsfgax 5 *.*«H6<d 

J^llft^ia-C^^o @2 0CDS*« I GBT-C£>-5<D 
•C, M©t 'J ^ ^ tcfc ^ ^ n lx ^ 7 ^ «ff ft b ^ ■ 
t>. #v- F«I©*-T-aAWMOS^ + *^6cJ:?)ffto 
nr. COMOSF-ET*HWE-r4nSaFU^>IB*Sn ' 

<fc 9 CC, iEamiftO^t-f ^<^fi!n«:+»/hS < HftT 

tt, ^2 oo«Mt>f <*fctt#-r*-F> <t 

[0 0 3 7 ] CO$WDW<^Uc(D^2 1 "C 
MOSCDV-XliSji^y- F^:®$fflTj-&-rK 
?*Jb/c*:^<D^-?-*r«, MOSCDV-^JliSiZ^^ 
- F»**tfHfc««Afl**5 v imt, 

p imT-m^ffitaRnCC^oT^CO^^CC^-rc t^-c 

>*. 

[0 03 8] 



" (8) 

;HJ* X^r^c^ < T C©*ffitt4Mjtffl«i5§ 0 CD* 

[0 04 2] *Ct. #{4^^DCDMOS^^^JU^ 

3k<Dm±8i2. IHKW^ajlMt-rSCi^AoT, CCD 

[0043] WTCl^^^a U-^a V-^-^^t^ 
"To itr. tt»tC«efflO/c^2 0CDI GBT«3§(3:, M 
RfiihWffi4 5 0 0 VCDfccD-Cifc^-C, ^CD^^^'^^- 
^«*CDil0*C*-5o TS^Sl x 1 O^/an 9 . « 
$4 5 0 Mm (OnMBffiR^'JnVlffi^l^T, TS 
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- FflJfcW, *S .1 5 Mm % mmm^l X 1 O^/cm 3 * 
(DnM^? y 7li, §£3 4 Mm . 1 x 1 0 19 

/cm 3 ©pii 5 y ^l^Mltt^, #V-FffiKC 
ti, j££2 Mm . SkWiS&l X 1 0 17 /an* <DpgJ-<- 
*mt. $£2 0. 2 Mm , ^MiSei x l OV'/cm 3 <Z> 

hg&GD-T-'- F»««:JSS 0 . 0 5 Mm OV'J rJ>®tfl:^ 
$/c»ONOg?tCJ:0^a$ntl^. 
[0044)020 tC^TJ: 5 aii*^- h S5<DSI 
£tiD (pm^—XM&bn&^-xmfttC2Z*t&1t%L 10 
"C£>9, -bJl/lf-f X«2C, v ^Htt2Wr* 

w/ (c-w) -c**. cn^lftc, w, d 

/Co *CDtt*3&*. 022-§27r$>^ 
[0 045]H22tJ, ■fe;Hf'/X^2C=6//m 1 I 
S ? £<B#S2W=1 . Lfc^Tia*^ 1 - F95Gr> 

M**2 (C-W) = 5 Mm , iE?Lv^7^-r A*irp = 

T n = 2 . 0 m sec (O^J^C. tgjhfrf- h&<D&$ 20 

D*9Mfc3l±*cB*07>'— K . FIH«E2. 6V 

[j+i5V <-r -^-r<D*>«E©st«"c*a> t*^>o 

[0046]123K, x^7 *M2 W= 1 Mm , 

hS5CD^$D= 5 Mm . IE?L*7 Y7$-fAtp = 
3 0 Msec O^^U-C, ffi&^y- h^D$sC-W^^ 
ft£i±ft:B*<Z> % T^-~ F • *V- Flfflfltffi2. 6 V~C<D 

[0047] 023 CcSW <fc ^ Kl % Sii*^— has<D*I 
**1 Mm 35p6 5 Mm Bl£**CM:»i&*y- hBBOtt^* 30 

»PT^ocL//c^^r*^«^^w:±«jnre^, 10 
nnmm.~c j mm&mn 1 5 Mm 

Hii*^- FgPO*i3&5i 5 * £«cjt**rj£< ft 
£ . C <D«S»M OS7"t^ J W*IMnU "Ct# s ft t »ttJBVC 

[0048 ] £/c, P^-^linii 5 7^JBO=z 
h*#V-FJS»<!:**.S£. Sii^y- FSB©* 

Rp =0. 5X12, 5X10'^ 

ter = 0. 8 1 "C*>^o 50 



[0049]|§124«, * £iH2W = 1 Mm , *j& 
^■y- ha$<DaS3D = 5 Mm , JEll^Jy $4 A rp = 
2. 0 Msec ©-tr-r^UT. J^^^- F9J<DtIC -W£ 
*{tS-fr/cl»(Orv- F * 2? V- FHWE2-. 6 V"C<D ■ 

3&S1 Mm ^6 5 Mm Hff *-Cttft»K«*jW»jl*J&S, 

1 0 Mm 3&»6 1 5 Mm "C5lJT^ i ^CS. rp=3 0use 

[00501125^ ^|2W= 1 Mm , *Ia£ 

F»oaBS.D= 5 Mm , lEIL^Jy ^^Arp = 

2 Msec CD^ex^-C, ffiA^- F^<Dlpi2 (C-W) 

Mm <DmS (A) i 1 5 Mm CDmS (B) 

- f • &v~ b'mmjffa^EE*mt2&tGm<Dmm&& 

[0051] 0tc*ivr <fc 5 cc, r s— f • fhi«- 
k& i 3 vo,«sr^ft^oxurc^ 0 l 3 vtnrc 

m^y- hS50*I 1 5 Mm <D*7"Jl><Dj3&mfi£ffi. 
tfijz*< . &iC2 V&Tf-Ctel ffi«M»s*t^. 13 

[0052] ia26«,02OOIG B TfR^t^U 

^^^UCCOti-C, Xi7^ls2W=3um, 

- hS50i|iI2 (C-W) = 1 3 Mm , Jffii^^- FSSO 
^JI$D=12. 5Mm, pM^-xm&Z 2 . 5 Mm % 
nfiV-XIB©ai3 1 Mm % pfflFU-r>»CD8E30. 
5 Mm % IE^L^^^^-^Atp = 1.85m sec il/c 
i#0«*-*ffiBttT?*S. T F • 27 V- FIB* 
H7& 5 2 . 6 VOI^tcS^W 1 0 0 A/cm 2 <!: ft -6 <fc 

[0053] 027 lil^lfilfrC, 030 CD^Er^^^COmS^ 
I ak= 5 2 2 3 [A/cm 1 ] . Vak= 2 5V*60 

dVC/dt = -30 [V/Msec ] -C, +15VM 

-l svsry-HEiwtstr**. 

[0 054] ^ft^iC, 1 0 0 A/cm 2 (D^COi S ^ £ 

^iiLTcD^+ yrtttt* i x i o^/cm* ifi^-r^ 

i, XS? £«W= 1 . 5 Mm , Sii^^- hgpcoai^ 
D = 1 2 . 5 Mm -CO[)iE?L^i©ffievti, 
1 . 5X 1 0" 4 = 4 . 2Q (9) 
[0055] 'fiLho^-^swe^tti^K:.- ffiUft 
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[0 0 5 6] g£*(D^^-C«x = ? £JBtt»— <DiS«K 

X = (2D + 2 (C-W) } /2W 
= {D+ (C-W) } /W 

f u -f vJbWE^k: <h*n^^8tnrt^^^r^-rs"C, 

yh$^n^$l^i^V - FflH©iE?L©»Bfi!a (S 

[0 0 5 9 ] 02 8&i, C©'<5-* — *X 
r, tBU^OD, C. W£X4t 

a*U*, rp = 30 Msec . W = 0. 5 am, D = 5 m 

m -CC^t$^<D^O, IWJrp = 2 Msec f 20 

W=0. 5um, C= 1 Mm ~CD £^<t£i±/cB$0Dfe 

riA«tp = 2 Msec , W= 1 . 5 Mm . C = 8 
Mm. D= 1 5 Mm CDB#<D^O. XEPtirp = 2 usee- 
. W = 0. 4 Mmec . C=l Mm "CD £r^{t£-t±/c h<D 

[0 06 0] AH^frfaff 4 500 V(Om^-"C 1 0 0 A/ 
cm 2 ■ (OS«ESS*Hl«"rS?c«&«CB«A«. W=0, 5 
Mm \ D=2am\ C = 1 Mm <bUt, 
X^5 

itSCiMItfci, 3*>CCia2 2— 02 8^^- 30 
£<fc9* W=0. 5Mm, D = 5um» C=U« 

X= 1 1"C*0. W= 1 . 5 Mm , D = 1 3. 5 m 
m . C= 8 Mm <D£&, X— 1 3t*^o X 
>8rtt»ttX>10. $P>WJl<lt X>13if 

[0 06 1 ] tj;toZ<Dm&<D*>W&i~e<D=*r + y THUS 
I GBT«i&Ot§^<blt-^T, n" S^-^JKD^V- 

Wip,n^o t>ttiit©n- m^-^jio** »; 

Tig©*, lO^lOVcrf , J:0ff*U«lx 
[0 06 2] g/c, ^J-ffiW, D, CO^WW^Wh 

+ t»;r^^1*S. D=500MmCC 



[ 0 0 5 7 ] *%^tC*5l^T, *7V— FflHOp^— *Jffl 
&&mZs mO^^S^y-FSi5€r^< , ®gl2D+2 
(C-W) OCttWU 13 v*«2W(CKjt«-r*«loI 

[0058] 



— C10) 

OSSitc <*: S«EE»T3W U < *) , h - * ;K£> 

[0 0 6 3] */c. c£*£<-r*<t* w©ii©«a 
* < r * c £ oo*>ft*^»§»6t 

jUfiJa3&s»^:b-CO*9. (32 8tc^m^ti^^:^4c, 

x>3 o Mm ^±-c-^(DMr^^n^^6, CfctS 0 0 

am JaT«CSftW-r5<03&«»*L/t». ■ 
[ 0 0 6-4 ] B3 1 *§m<Dfe<D$mffl<Dm&frt& 

mr-hmnft*¥m»afr<Di><<TVb'v*bQ* 032 

fcJ:cXS3 3 3 lOA- A' tecfc^B- 

[006 5] COjOSWCK, «5*5nM^-^ll 1 CC 

[006 6] «5CDr^<DX F ^ -f .T/tRffttO P ffl*<- X 
l>-£>o -eL-CCOnffl^ — >*7^ + *iVi*8CC % j&5 
-^11 0*s»iSiB«Sti'r3BflESti-Cl»S. pSSFU 

[006 7] CCD^WDfg^F-te, nMi5 73rI10 
ODTCC^)^ pS<- ^@4<D»5 0fflJ®a5*5^ — 
^t^i^^W?). $/cp^h>>f>i9T©nM 

[0 06 8] C<0SOi«CDSRT-tt, a^y-hlM7 

F«7ccft^*Ep»rrs£, nm$->*y* 



(9) 

15 

<D&m&w <t m&ic u x % - > * v r * . 

[0 0 6 9] C©3S**«C<fcoTfc. 

-*»4©W^!£*ffiC>fc©£***;tfrSS. 

p^-*JS4<Dfc*-^;FWB3*g&£:l x 1 0 

>^^^ + ^>»UJB8 0f-^^iK ! 85iSK ; & 1 x 1 0 17 / 
an* ggincim^. n^£->* 

[00701134 Bits. *»M(oaoa5safe«i©ffii* 

£0*03 6ti-eh-etl, 03 4CDA-A' tecfc^B- 
B' Hit^S. 

[0 07 1 ] H 3 3<Dm 

^i£K<t, «5<Dti (S3 50WMK^3n&#l5tCife 20 

[0 0 7 2] ^-hmffi7CCiEco«E^EP»nLr, jft 5 

^iio^e^aAstit, 

nM^-Xi 1 + 'J r ^ P I F U >S 9 ^ 
UT*V- Fttttl 3CCgMiS*l*J:50C&'K 30 

[ 0 0 7 3 ] 0 3 7 li* 5 6CCgiJO**WoaB&*«« 

53 9 K-eft-etlH 3 7<OA- A' fc^CXB-B' KM 
[0074] COSOtWi, 03 1 -S3 3CDHSS09O 

<DraCDp^-^-Xil4CCjgjES$n^n^^ — 40 

[oo75]04ott $ hK%mmmm<DWL?*tm 

54 2«-etl-enS4 0CDA-A' *5<fc£?B-B' K® 

0T£>£ O 

[0 0 7 6] C<0*JS«W y S3 4-13 5 ©HJfe WD 
gt^** S3 7 -S3 9<DSS»WliRI«CcKJB0fc*>O 

[0 0 7 7 ] cne»^gSSS09CCcfc^rt. 5fc<D&3l*£#I 50 



4SH^P5 - 2 4 3 5 6 1 
16 

[0 0 7 8] 04 2— 044W:, S 3 1 — S 3 3 (D§?££ 

Masseur. ps^<-^j»4«:aii*y— hau<toai 

[0 07 9] 046-S4 8&S, 3—H4 5 

Bfi/ZcHlBWIr**. 

[0 080] 049-S5 lteS^CC, 046—048 

[0081] c*i£<D^iswccfc^T fc, lwasofcj:^ 

[0082)052 -0 5 5tt, SI 1 — B 1 4 <D5£Sfe 
0fl<hf5]«CD«@£ I GBTtcafflUteSOSWr*. 8*5 
<OMl(C«Lrnav-^Il OsW&sSStv #V-F 

«ffii wc<z>naav-^j» i o icnecDr^cc^Hj-r^ 

pS?^-^J14tcPI^FCCa>^d7 F"T-5>o 

[0 0 8 3] S 5 6 -0 5 8 fct, HtttCH 3 7 — S 3 9 
0«jft* I GBTCC»BL;te»iWT?**. 

[0084]S59te, 053©»;^^ O x> 7 
^«2WCC»Uraai*^-h»fl!>(«2 (C-W) 

0, 0fS]±*sS6n^o «2 (C-W) GD^KS? 

tHT -2> n m^-xm%!>fr<<C tt p iv — * 

[0 08 5] 06 0-06 2fct, ^^^rfii^CO I GB 

-A' . B-B' WM0-C&*. ^I©i/'J3>I«2 
0 tJ|l2<D^y 3>«R2 2«mccttttlt2 1*KW/C 

i^s»u-c»6nyt^*^©*2ovy =2>a«2 2 

-^ilin. CCDnM^-XJll tcJggPM^fbS2 1 
- FKftK6*^UT«B&*$'-- F«*7 i5&K-r-5^ 

m**-F««7 2 jwasssti*. aii*y- hSB^e»^f 
pM*$?ZM3 £m&&r-bU<Dr&ic&. p- 

[0 0 8 6 ] S6 3-S6 5tt, ±OH*S^€:S!^Lr 

t s ~- Fmscm&frf- h &&vttcmm<o 1 gbtoh 

mffl<DUjTV hifOA-A' ^OfB-B' BrMS 
T*^. 8t^jSfflflCDlfl2<Dg«2 2^:p- M^-X® 

24tur, ±cosute«?«<Li^scc«5^«$n, cn 

tcaB&*y-h«a7l*$»J5RStl*. ^CDrd3tCnM-< 



(10) 

17 

[ 0 0 8 7 ] i6 6—06 8fc£, 0 1 — 0 5 <O^MM £ 
fsimom+ZWigiM* <t L> O/cgSfe Wcd U A T ? 
><t-£<DA-A' *?J:t>'B-B' K®0-C£>£o 5fc<£>^ 
SfetfJ <t *tJ£-T * ^ te5fc©HJ£«?8 £ H— Srtf b r 

[0 0 8 81 069 — 0 7 1 M\ ±L<DWm$$<D&&<Dm 

A' *5<fc£?B-B' Kffi0"C£>£ e 
[0 0 8 9 ] 0 3 1 0DSg$£Wt*5l^T, nav-*JB© 
-Md H *<h pSSF u-Y>BO*Bd r **siB^f Ut»WB"CS%S 

d..>d^frn«^>«Ftt3W*»sti. 

S^^tlS. CCDCitS, 03 4. 03 7. 040. 
04 3. 04 6. 04 9, 05 6 QJK^HC:fel>T 

[0 09 0] pJ1WfflP**«a«:*'*"A:a6«:tt % d..^ 
[0 0 9 1 ] «Jb©J:5K*f691KJ:*tf** ast»Si&* 

[00 9 2] «^^<DS5Jfet?d3:;*6>K:i,>< o^Bip-r 
[0 0 9 3 1 07 2—07 4«, 0 6 6 —0 6 8 <DMM 

(Dfrt&hir. F 7 2 <D2/v- FflHSSMHStc 

[0 0 9 4 107 5-07 71*, 0 7 2 -0 7 4 <D«3£ 

[0 0 9 5 ] 07 8-8 0<DSS»W«\ »2©IS2 2 

T, ^cD^MtCn- S^-^J11 ^^Sb/cffe, 07 6 
-0 7 7 ©Ig&Sffli & o 

[0 0 9 6 ] 08 1 —08 3te, 07 8—0 8 O^HjSS 
P)^L/cfe0r, aii^y- F^@7l <7>*I&CJ±^ 

tiiy- f««7 2 ©*b*^c* < jBcf . s&^y- f 



5-243561' 

IS 

[009 71084 JKTtt«^^fft©^«<D 1 / 

[00981 084^, si>m^iiA^ + ^^^ss:$ 

<*IWC5Vr> Of^CD^iS (BL-CSVT) 
\t. 05 QOJ^&Sii***- F^SWttl^^CcU/ti 

[00991 085 084 <O*-¥-«:*50»r«-T-ffiA 

io *»fiRL/cSUS«'C*-S. F«S7tt*5*5E^tt: 

s. ^Lr^-hms7^«$n^- : ? L a®oc«5^ 
aa&raiffi^^fcrs'J: 9K:c VDWb*3 i amen 

[0 1 0 0 1 08 6W\ H8 4O3R^-<0«^itA^^* 
^JBfiE*tiftC>»IBK:paMi3 2«rJBffiL/^9GttM-c 

C<Dx>Mm3 2^rtftC^C<i:«:<fco'C, 

20 [ 0 1 0 1 1 0 8 7 tt, 0 8 6 ©*^HH60C*st»T, ^ 
- hmS7 S^ISAi" y =i >JB«C «fc 0 815 «r3£^(C«« 

cn^cMia-CAl . T i . Mo^efita^JS^- F 3 
3*JBfiRUfet>CE>-C*S. ffi&la^J!^- h 3 3 ±te# 
V A £ F«4>W«MeiMS3 4ta-jtl>5. 
[0 1 0 2 1 0 8 8«M(C, ^**Ao&^jSS*-ift<,>{H 

n> . F*«7.**fiS-r*4:ftCC," j«5CDJ6»CCfi 
SCt^l^- F 3 3 *aii*»fiRL*:»S«lt:*i. 
30 [01031 «±fc«|liLyt»SOfc««:*jc»x, ffii^ 

[01041 ^^.«0 8 9 tt, 086 cr>*^CC*JCi-C, 

3 5*«»fcSOt«r*S. ^/c09O«. pSJ-^-X 
J!4CDT«:{g*-t* V T^-f A© 3 e^mf&Ltcm 

40 [0 1 0 5 ] 09 1 l*. 08 7cD^^^JgU/cg|*feF« 
~C\ pM@3 2C0±gPtc^o-7" + >y<Dn* S 

4>&rj:<. I GBTflfcgi&oT&D, y-hmS7 
iEmff «r EPJni 0 /c^tC7« 5 (ommx. » ^ r n SS V - ^ 
■ 10*6n* -7^113 6<DKItC^f ^JU^jffi 

n* SiS^13 6^V-Flfil 1 CcK 

[0 10 61 09 2 HSCC0 8 6C0IR^FCCStLT, 
09 1 iH»DajB*J6L^:SI««-Cfta. 
50 [0'l07]H93tt. HSSOSUSWOJR^CCfcC* 



£<, M&c0 9 4fcJ:. ^930pSI32^p^-^1 
4i«S0CCCnct 0^<^JESU-C, -e-CDiaJCC^D-r- 

[0 1 0 8 ] 09 5«/09 1 <Dj>Mm3 24d<tt/n* 

Co i 0 9 ] iir&i/fcSXife&ltt. -*m*«:tu>s?3 io 

6t?^>^ e 20 
[01101096 W**W©K«C* JW««C«* I E 
GT (iniectri on-Enhanced Gate Bipolar Transistor) 
OUJTV h-C2>*)\ 097, 098. 0 9 9 fc<=fc:tX0 

loots-en-en. 096©a-a' , b-b' . c- 

C jaJtCfD-D' Wr^s, CCD r^>v>;*£* 
[0 111] nStfV-^Jltin* S^SWtJB 1 0 CCJ: 0 

[oi 12] H9 8«cmsnri^<t 5cc % Rgr* h 

>±'uc«ttrsp* ii89i^s^J?nti^ 0 0 
9 9tc^$nrc^iS r u>^^-hm@7cr>»rM0 

tt, 09<D-etli|^— -C*S« P* fiFU-f >««9© 40 
OOCCTnSnri^a CC«C;bl»r. 09 7<D*§^£l^i 
»©HCCffl0M-<5 pfiFl/-f>19tt, -JhflBaiB*&IMI 

202 tc&^xn—w^M&m 1 1 j^mMWcotes;* n 

0 5 od ^ -f x r * n <h P)«£ -c ct I > o 
[0113] *W»«tC*J^-5 I EGT©»ffitt^©I 

^<D^EE#EPJjn<**i££, pM^-X^4<Di^2a5CC 50 



1«H¥5-2 4 3 5 6 1 
20 

v-*/i i ofr^nm-^-^m i ^c^A^n. n§^- 
*n i K8MsatH*«ac*r.. dn«:<fco i egtui g 
BTtof^cc<fc^r^->^>T^ 0 

[0 11 4 ] h««7CC*7V - Km® 1 lCt*fLT 

u>^5tcMbTt^fflfJ®a^ (aiffilMBBflS) cc, Kl£ 

Sbf^tCcfcor, P ^-xi4rto+t'j7^pSFu 
-f>JB9*^utr, *v-f*«i ltcgftasn^o * 

©f^W^tf^-^^tBlfrCfc. nliV-XJBlO. 
pi^X!4 l ni^^ilMpIi5^13 

«ct»J:^ cc W»<DBM8© J: 5 Center u>^Sti~cc* 

[0115] I EBTCCj:tl«, tt<DbU>nf 
-bit. b hlS^^^SOE. 

[0116] m^i ii3>^^ h-r^p* fu-t>i 
(2C-2W) *»as-rsit^aww<cHit*ig 
[0117] mk<o b u bmmi <om$ &n 

U003^^^ec^>ffitn^#^C<h^-r^^ e I EG 
TOilSl 1 ©pMFU^>I9^(D "IBSI^tifc" 

[ 0 1 1 8 ] C Ct, iE?Lt««««©A«ilCK:»"S-*it 

[o i 19] jsmox ^ (— mzm 2 1 cfccK 



(12) 
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21 

tciSn^ffitJ^Sfc) £^®i£; In ( = I - I p. I : 
Jp=2-up-k-T-W- 

'kttdOt'^: 



22 



* [0120] j£a<Dx 5 ^ *««CC«n*iE?L«« J p 
(A/cm* )\ n --^-^K^EaOJiS * £$J*1* 

Tiggn (cm* 3 ) (12 9tOn) 
[0121] El<Di 5 ? *«««C»ft*IEn««#« 

* £ % 

•n/ (C • D) "(12) 

* [0122] Ei©x 5 v ^««cr>iE?LcDaASft^r p 

rp=Jp/J=Jp/(Jn + J p) 

= 2yp-k-T-W-n/(C-D-J) "*(13) 
-Y = W/ (C * D) i-T^t. ★rpOfflt mp = 5 0 0. k • T=4. 14x10 

rp = 2 (mp • k * T • n/J ) - Y ★ " 21 . J = 1 0 0 A/on 2 <hT* 

tp = 2x (500X4. 1 4X 1 0' 21 /100) X1X10"XY 
= 4 . 1 4 X 1 0- 4 • Y -(16) 

TP = Jp/(Jn + Jp) = yp/(//n + //p) =0. 3 —(17) 

TP<0. 3 — (IB) 

il^CitftO, CCD*ff*»fc-rYtt; 20 

4. 14X1 0" 4 - Y<0. 3 

Y<0. 3/4. 1 4X 1 0" 4 

Y<7. 2 5 X 1 0 2 (on- 1 ) 
tt«tt*>WE©Wt i ^"Cn = 7x 1 0*'(Dmx. 

Y< 1 . 0X10' (cm" 1 ) 

[0123]o^0, /<7-rf-5rY*JiiB<0«HCC»H' 

[0 124] COi.^«C3RW7U>^Lfc*B6. &A 

fa* fcRBf CC5g3JIT 4Cimi. 

[0 12 5] l£S<D.x£ * *tt«*SB2 0<D<fc5ttF U 
>*-«3ft<Z>«£\ Y(Dffi«mr«OJ:^tCia2 0<Z)D, 
C. WCCjr-pr^^o 40 

[0 12 6] £fc, E»Dxs T7*«jW3«c, ^F««irS 

[01271010 OOKSfltjgK* 0 10 1 CC^-Tct 
scc^sn*. ccr, n* ffly-«10tt, hu 

[0 1 2 8] 01 0 2—0 1 0 6CC^3*i/cI EGT 50 



-(19) 
(20) 

19 6—01 0 O(Df/WXi0 6-i 

©IEGTtt, *p* SSKU-f>JB9« 

t*T ^otl^St, 09 6-01 0 0i«1$« 

0#, p- fi«^-.XJH40«ffi»«:*JiSStir^-5.- n 
1 0 *tc4at»-C, §hl/>f 5<DM±^^ 

ntt^. p£> F W>J19«:, niV-XHOJ:*) 
»<f». p§* FW>J19(£>Ji3B<h pfflFU-f >Jg4£Ct 

S7r»^$n/cnM^->t7ftMS10il/t 

.ffiEV-^JB 1 O©*:feS5^fc£02(7)nMV-;*Ja 1 0 «C 

h^®7^CC*$Lir, pl KU>f>/i9^ 

[o i 2 9 ] 0 1 o 4tt7j*3n-ci>£<fc5oc % nsav- 

^JilOfcfcp- ffiFU-f>JB9J:D«S<, S£oT. CC 
CC7nStifcKffi«acc«t»-C*tiK. nSSV-xJBlO. 
tep* aFM>B9*B^tC^. 01 0 5CC7KJ*n 
fc«hU>^y-F«i7CD»fB«»«. 09 9OD^n 
tm— -C*S. 0 1 0 6Kl7n£n-Ct>£<J:5tc\ p*S? 
FU^>JB*9tt, S®3t&ftJl202 tc«fcoT M f53l£;*n 



(13) 
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24 



[0 1 3 0 ] &m$&$t<D I EGTlCJ:ti&, nS^-> 

ifx-5o B1%»^->*7flpft^MOSFET 

X£r£->;*->2t*:£o COi*, 'SnSV-^BlO 

n^nift^ )^iX OX n SS*<-.X» 1 *c»**itA- 

®i4®E^^-S>Ci«:J:D, 139 6— IS 1 0 0<E>H5£ 
#«200 ±H«te^----CfT*>n£. *^afeflWDI EGT 
fclcfc^Tfc. 1^96- 131 0 OCDl|]5feW<bPIfil^J8t^^ 

[0131] fiftCC. 06 0-08 3CcBM*3n:fc«a2 20 

■r^o 0 1 o 7 hs i o Q<omm i gbtsc^ i i o 

—01 1 20 1 GBT<05fe<D«i(04*«ftJ*l»«. -teJU 
flfcg/^.^-£ "C" Rtf M W" t)tf*fi<D/g£ 

[o l 3 2] 01 oswot i o 9CC7j^$nn^J: 

«<sfcis— <DmmwmK**>^ v u> 2-222 jwbiss 
nrt^o mmmru tthu>*222 j^tci&t&tocts^ 

iilShTC^ e 2»^®224 (OmZ&b \s>*222 30 

•K^LTtMftT*. ±^^«oim?«c*c$>^o rasa 

S«<D h U>*-*D/SS, IP^ b U>^222 CDSaSt* 
fc*. 01 0 8tC^$nTlr^<fc^CC, W"C*£. C<Db 

u>^y- h^®224 ©jB«wc*rs«»tt: fc ^ax 

[0133] CW^cCill GBTTiJ, ^-V^^ 
$tJfflim®^MOS=3> Fa-;Hf-/ U (MCT) W 40 
gi^cotl^, 0 3 1—0 3 3<D|g*60flT?CE>J: 5CC % 
paaKU-Z^JWI'DpacfnffllV-^IBMDn*, fcb 
Dp<Dn &Ttitf*>4*tt3&sai<t3n. Dp>Dn£ 

^^tt^S^CCl^-Clf^o CO I GBTOoJt6$0®a 

-5®ffiT»ID n < C <*: 50 



[0 13 4] CO I GBTCCj:n^ HU>^-h* 

fiJEL^itf(DGTOt-f y^5r3feCC*>«BE3^iB«>6' 

[0 13 5] 01 1 0— 0 1 1 2<Dflt33I GBTlt n 

t0 1O7-0 1O9(D^*atffilTC^. *-Jl//<-f-rC 
^ffilaJf 226 h U>?-^->mS224 (DJS»(C^ 

$nr4d0. 01 i 2tc^^nrc^ct^cc v n* g» 

1 0 <fc«LTl»S. *-->U-*-f 226 OO^RK* 
0 l6 -l 0 n cm- ) igtc) 
I GBTCD*>4*tttt»»Sti4. t>L*-rt^W 
^SKil 226 ©:RK««JS*s (WU*1 0 1J -10 n 
cm- J IgtC) fiWWi, I GBTCD*:?1St*fe£:^<il£ 

[0136] *-CDflS**9itt, *©«g*.jfcKLfc^«S 

mxm * se« u r josr * c <t # & „ 

[0137] 

[0 1 ] *§zm<Dmmm<D&my-' bM^m&m+v 

[02] 01OA-A' 

[03] 01OB-B' 

[04] 0 1 CDC — C' 

[05] 01COD-D' 

[0 6 ] ffecD^afe^cDifesy- bmm&#m*<D u -r 

7^h0 B 

[07] 0 6 (DA — A ' 

[08] 06CDB-B' 

[09] 06COC-C' 

[0io] tik<Dm&m<Dtm#- b mmm#m*<D u 
jT^bm. 

[011] 01 0 CO A — A' 
[012] 01OCDB-B' 
[013] HIOCDC-C 

[014] fe<Dmmm<Dmmi j y- b mmmwm^<D u 

^7^h0o. 

[015] 0 14CDA-A' 
[016] 01 4COB-B' 
[017] B14©C-C f 
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26 


[HI 8] 






[050] 


0 4 9© A- A' #r®0c 






[05 1 ] 


049COB-B' KISo 


[019] 


018 (D^^-<DA — A ' <fc ZfB—B' — 




[05 2] 


m<Dmmw<D*my- bmmmam^<ou 






47 0 hH 




[^20 ] 






[05 3] 


Kilo 


h^IBGT©»r®ia B 




[054] 


052OB-B' 


[B2 1 ]■ 






[05.5 ] 


H520C-C Wffi0o 


©El. 






[05 6 ] 


f&o^jiwcD^s^- h m^mttm^o u 


[022 ] 


r * 7 s ;u©aii* y-b tmm. s <t w*« 




470 hi 






10 


[05 7] 


05 6QA-A' fttBBU * 


[02 3 ] 
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